Aedes albopictus (Skuse) established in the United States over 30 yr ago and quickly spread throughout the entire eastern half of the country. It has recently spread into western regions and projected climate change scenarios suggest continued expansion to the west and north. Aedes albopictus has had major impacts on, and been impacted by, a diverse array of resident mosquito species. Laying eggs at the edges of small, water-holding containers, hatched larvae develop within these containers feeding on detritus-based resources. Under limited resource conditions, Ae. albopictus has been shown to be a superior competitor to essentially all native and resident species in the United States. Adult males also mate interspecifically with at least one resident species with significant negative impacts on reproductive output for susceptible females. Despite these strong interference effects on sympatric species, competitor outcomes have been highly variable, ranging from outright local exclusion by Ae. albopictus, to apparent exclusion of Ae. albopictus in the presence of the same species. Contextdependent mechanisms that alter the relative strengths of inter-and intraspecific competition, as well as rapid evolution of satyrization-resistant females, may help explain these patterns of variable coexistence. Although there is a large body of research on interspecific interactions of Ae. albopictus in the United States, there remain substantial gaps in our understanding of the most important species interactions. Addressing these gaps is important in predicting the future distribution of this species and understanding consequences for resident species, including humans, that interact with this highly invasive mosquito.
The Asian tiger mosquito ( Fig. 1) , Aedes albopictus (Skuse), is one of the most widespread and invasive mosquitoes on the planet (Juliano and Lounibos 2005) , and it has been particularly prolific in its spread throughout the Americas (Lounibos 2002, Juliano and Lounibos 2005) . Originating from Asia, Ae. albopictus established in the United States in 1985 near Galveston, TX (Sprenger and Wuithiranyagool 1986) , and quickly spread across the eastern and southeastern portions of the country. In addition to being a significant pest species and medically important vector of disease (Lounibos 2002) , in the past 30 years Ae. albopictus has encountered and impacted a multitude of native and resident species with varying, and sometimes unexpected, outcomes. Interactions have included competitive displacement of resident species, stable coexistence with residents, and failure of Ae. albopictus establishment despite seemingly favorable conditions. This species and its interactions in the United States have been studied extensively and reviewed elsewhere (Juliano and Lounibos 2005; Juliano 2009 Juliano , 2010 , but new insights into this invasion have accumulated in recent years, and it seems timely to assess its current status after three decades of establishment. This review explores the diverse interspecific interactions between Ae. albopictus and resident and native co-occurring species in North America. I first consider the current U.S. range of Ae. albopictus and the environmental factors influencing that range. I then discuss several types of interspecific interactions in detail, focusing on larval resource competition, predation, and mating interference and satyrization, followed by a discussion of the leading hypotheses for the variable outcomes of these interactions.
Current Range
Aedes albopictus colonizes small, water-holding containers of natural (mainly treeholes) or artificial (e.g., cemetery vases, discarded tires) origin by laying desiccation-resistant eggs above the water line (Hawley 1988) . Eggs can withstand relatively long periods of drying and wide thermal ranges, and still hatch after being sufficiently flooded by rainfall . This characteristic has facilitated Ae. albopictus' spread around the globe, with initial colonization events often the result of eggs transported in shipments of used car tires, the likely mechanism by which Ae. albopictus invaded southern Texas in 1985 (Sprenger and Wuithiranyagool 1986, Hawley et al. 1987) . Subsequent expansions into new regions are also facilitated via egg transport, with invasions often progressing along highway corridors and into urban centers (Moore and Mitchell 1997, Benedict et al. 2007) . For example, Moore and Mitchell (1997) noted that 64 of 92 counties invaded within the first two years of Ae. albopictus establishment in the United States intersected interstate highways, a significantly greater proportion compared to the null hypothesis of no relationship between highways and spread. Aedes albopictus is also a somewhat anthropophagic blood feeder, which in combination with its ability to reach urban areas via shipping and colonize ubiquitous, temporary waterholding containers, allows it to thrive in diverse urban locations (Paupy et al. 2009 ).
After arriving in Texas, Ae. albopictus quickly spread east along the southern edges of Louisiana, Mississippi, and Alabama, with sporadic occurrences further north in the Midwest and in states such as Kentucky and Tennessee (Moore and Mitchell 1997) . It reached Florida within one year of establishment and rapidly colonized the entire southeast, occurring in every county in Florida by 1994 (O'Meara et al. 1993 (O'Meara et al. , 1995 . Aedes albopictus also spread north and was a major presence in the east and northeast within only 10 yr (Moore and Mitchell 1997) . U.S. Ae. albopictus likely originated from northern, temperate Asia, and consequently have diapause responses and cold-hardiness that allow it to overwinter in relatively cold regions (Hawley 1987, Nawrocki and Hawley1987) . This has allowed Ae. albopictus to colonize as far north as New York, NY, on the east coast and the southern edge of the Great Lakes in the Midwest and central United States (Moore 1999 , Kraemer et al. 2015 .
The westward expansion of Ae. albopictus has been slower, with only a few records of the species from southern California: once in the early 1970s and again in 2001, when it was thought to be eradicated (Madon et al. 2002 Linthicum et al. 2003; Zhong et al. 2013) . Observations were again made in Los Angeles, CA, in 2011, however, and thus either eradication was incomplete or subsequent reintroductions had occurred (Zhong et al. 2013 ). Genetic similarities between 2001 and 2011 populations support the former hypothesis, and it appears that a stable population is well established with a potential to expand further in the region (Zhong et al. 2013 , Kesavaraju et al. 2014 ).
Abiotic Factors
Although macroscopic habitat preferences and mechanisms of transport are important, Ae. albopictus' ability to persist in new locations is ultimately a consequence of environmental tolerances and interactions with resident species. Originating from temperate Asia, Ae. albopictus in the United States can withstand a large range of temperatures predisposing it to the climate across much of the United States, particularly areas with dry winters and wet summers , Nawrocki and Hawley 1987 , Washburn and Hartmann 1992 . Indeed, based on known distributions of Ae. albopictus in northeast Asia, Nawrocki and Hawley (1987) predicted successful overwintering to northern range limits at the daily mean 0 C January isotherm and summer range expansion into regions with a À5 C January isotherm. This corresponds to year round occurrence across most of the eastern United States and into the far northeast, a prediction largely born out as discussed above and by recent niche modeling studies (Benedict et al. 2007 , Kraemer et al. 2015 .
The lack of spread into western states has likely been influenced by a combination of precipitation patterns and temperature. The Mediterranean climate of dry summers and wet winters contrasts with its preferred native temperate habitat of wet summers and dry winters (Washburn and Hartmann 1992) . Although Ae. albopictus eggs can withstand relatively long periods of drying and wide thermal ranges, they are particularly sensitive to prolonged drying when combined with high temperatures (Alto and Juliano 2001 , Costanzo et al. 2005b . With little rainfall in the hot summers of interior California, Ae. albopictus has been less prolific than in the eastern United States, especially in the southeast where seasonally wet summers are the norm . Nonetheless, it now appears that Ae. albopictus has established in the west to some degree, and with increasing variability associated with global climate change, it is possible that Ae. albopictus will maintain abundant populations and continue spreading along the western seaboard (Farjana et al. 2012 , Ogden et al. 2014 , Campbell et al. 2015 .
Desiccation may be a limiting factor in Ae. albopictus' expansion into the southernmost portions of its U.S. range. Although ubiquitous throughout most of Florida, Ae. albopictus has failed to establish permanent populations in Miami and the Florida Keys. One hypothesis for the persistence of its competitor Ae. aegypti (L.) in place of Ae. albopictus is greater sensitivity to desiccation caused by warm, dry winters .
Interspecific Interactions
The ability of Ae. albopictus to colonize diverse container habitats and its extensive diaspora throughout the United States has led it to interact closely with many species of mosquitoes and other aquatic invertebrates. This has included native species, long-time resident species, and new invasive species to the United States. Outcomes of interactions of Ae. albopictus with these other container occupants have spanned the range from outright exclusion of the resident or native by Ae. albopictus, to stable coexistence, to failure of Ae. albopictus to establish persistent populations. The most well-known effect of Ae. albopictus on resident species is larval resource competition (reviewed by Juliano 2009 Juliano , 2010 , but there is also evidence of Ae. albopictus inducing delayed hatching in eggs of competitors (Edgerly et al. 1993 (Edgerly et al. , 1999 and of mating interference via adult Ae. albopictus males mating with females of a competitor (Bargielowski and Lounibos 2016) . Thus these interactions span the life stages of mosquitoes from egg to adult. Three important types of interspecific interaction are discussed: larval resource competition, predation and parasitism, and mating interference and satyrization, and how abiotic and biotic factors affect these interspecific interactions to ultimately determine species distributions.
Resource Competition
Aedes albopictus is a container specialist, preferentially ovipositing in small, often temporary, water-holding containers. Eggs typically hatch after a precipitation event fills the container, and then developing larvae feed on decaying organic detritus and associated microorganisms (Merritt et al. 1992 ). These habitats generally lack primary productivity and occupants depend almost exclusively on external, allochthonous, resource inputs (Kitching 2001 , Yee et al. 2007 . Competition is thus common in this resource limited environment, and it is well known that species-specific differences in resource acquisition and utilization are often present. For example, in his review of interspecific interactions among mosquitoes, Juliano (2009) counted competitive asymmetry in 31 of 35 experiments that tested for it in pool and container systems involving various species combinations. This has important implications for species distributions, as competition theory predicts that highly asymmetrical interspecific competition will often result in the competitive exclusion of the inferior competitor. Exclusion can also occur when interspecific effects between two species are similar as long as both species' intraspecific effects are relatively low (Chesson 2000) . Thus, understanding relative strengths of inter-and intraspecific interactions between sympatric species in nature, and the biotic and abiotic factors that impinge on these interactions, is crucial to understanding species distributions and the spread of invasive species such as Ae. albopictus. These interactions have been relatively well-studied and previously reviewed for Ae. albopictus. Indeed, Ae. albopictus was one of the focal species in 33 of 40 interspecific competition studies included in Juliano's review (2009) . Therefore, I will not cover all previous work in detail, but rather highlight the interactions relevant to Ae. albopictus' spread in the United States and several recent findings.
Interspecific competition between Ae. albopictus and Ae. aegypti has received the most attention of any larval mosquito interaction in the literature, in part because of the dramatic and well-documented decline of Ae. aegypti as Ae. albopictus spread across the southeastern United States (O'Meara et al. 1995) . Both species are also competent vectors of dengue fever and other arboviruses including recently emergent chikungunya and zika viruses (Lounibos 2002 , Paupy et al. 2009 , Chouin-Carneiro et al. 2016 , and thus understanding the interaction between these two species has been an important goal and subject of extensive research in the United States (Juliano and Lounibos 2005; Juliano 2009 Juliano , 2010 .
Aedes aegypti is also invasive in the United States but has been a resident for centuries and was the dominant artificial container species in most of the eastern United States before Ae. albopictus' arrival (Lounibos 2002) . As Ae. albopictus spread however, Ae. aegypti population declines were extremely rapid. In parts of Florida, Ae. aegypti went from the dominant Aedes species in artificial tire sites to complete replacement by Ae. albopictus in less than two years (O'Meara et al. 1995) . However, despite major declines of Ae. aegypti in most areas where Ae. albopictus invaded, the replacement has not been complete everywhere (Hornby et al. 1994 , O'Meara et al. 1995 . Ae. albopictus quickly became the dominant Aedes species in rural container-communities but the outcome in urban areas was much more variable, with Ae. aegypti often remaining dominant such as in southern Florida (Hornby et al. 1994 , O'Meara et al. 1995 as well as Houston, Texas, Savannah, Georgia, and New Orleans, Louisiana (Juliano and Lounibos 2005) .
Although early studies suggested equivalence or even superiority of Ae. aegypti in resource competition (Black et al. 1989 , Ho et al. 1989 , subsequent research has overwhelmingly shown Ae. albopictus to be a more efficient competitor under limited or lowquality resource conditions (Juliano 2010) . Field studies also suggest competition to be important and asymmetrical in nature, favoring Ae. albopictus , Juliano 2009 ). These observations are consistent with Ae. aegypti's decline in the United States, but do not explain Ae. aegypti's persistence in urban locations. Potential mechanisms for these variable outcomes of competition are discussed below in "Context Dependence and Coexistence."
The other primary container species encountered in the eastern United States by Ae. albopictus are Ae. triseriatus (Say) and Ae. japonicus japonicus (Theobald). Aedes triseriatus, the eastern treehole mosquito, is the dominant treehole species in the eastern United States and most likely native species to be affected by Ae. albopictus (Lounibos et al. 2001) . Aedes triseriatus has been shown to be an inferior resource competitor to Ae. albopictus under limited resource conditions (Livdahl and Willey 1991 , Teng and Apperson 2000 , Yee et al. 2007 , although this does not seem to be as strongly asymmetrical or consistent as between Ae. aegypti and Ae. albopictus (Juliano 2010) . Livdahl and Willey (1991) predicted that Ae. triseriatus would be excluded from tire habitats but not treeholes due to different resource composition in treehole fluids. Field surveys support this prediction as Ae. triseriatus seems to be less affected by Ae. albopictus invasion in treeholes compared to artificial sites in Florida, although the authors note that Ae. triseriatus was more common in treehole sites to begin with (Lounibos et al. 2001 , Kesavaraju et al. 2008 . Shared predation is also likely to influence outcomes of this interaction as discussed below (Lounibos et al. 2001 , Kesavaraju et al. 2008 .
Another invasive, Ae. j. japonicus, likely invaded North America in shipments of used tires, arriving in the late 1990s from Japan (Peyton et al. 1999 , Lounibos 2002 . It spread quickly throughout large portions of the United States and currently overlaps the range of Ae. albopictus considerably, although it is more cold tolerant and has spread further north (Armistead et al. 2008, Kaufman and Fonseca 2014) . These species primarily overlap in artificial containers and the few studies of competition thus far suggest Ae. albopictus to be competitively dominant under limited resource conditions (Armistead et al. 2008 , Freed and Leisnham 2014 , Kaufman and Fonseca 2014 .
Aedes sierrensis (Ludlow) is the dominant treehole mosquito in the western United States and increasingly interacts with the expanding Ae. albopictus population in California (Washburn and Hartmann 1992, Kesavaraju et al. 2014) . Only two studies have rigorously tested resource competition between Ae. sierrensis and Ae. albopictus, but the conclusions strongly indicate that Ae. albopictus is a superior competitor under limiting conditions. Thus, it is unlikely that Ae. sierriensis will play a significant role in impeding the spread of Ae. albopictus in the west (Kesavaraju et al. 2014 ). Whether Ae. albopictus will have detrimental effects on Ae. sirriensis populations is an important question for future research.
Aedes albopictus has been tested in competition experiments with several other North American mosquito species encountered less frequently, or predicted to be less affected by, Ae. albopictus. Culex pipiens (L.) is established throughout the northern United States and southern Canada and co-occurs with Ae. albopictus primarily in artificial containers (Costanzo et al. 2005a ). In several competition experiments Cx. pipiens was determined to be inferior to Ae. albopictus, although as an extreme habitat generalist it probably has sufficiently low overlap with Ae. albopictus to avoid competitive exclusion (Carrieri et al. 2003; Costanzo et al. 2005a Costanzo et al. , 2011 Murrell and Juliano 2012) . Similarly, Kesavaraju et al. (2011) showed Ae. albopictus to have density-dependent negative effects on the native rock pool mosquito, Aedes atropalpus (Coquillett), although limited Ae. albopictus colonization of these habitats likely reduces competitive exclusion. Finally, two recent studies showed that Ae. albopictus is a superior resource competitor to the southern house mosquito, Culex quinquefasciatus (Say), under varying conditions and across multiple strains of Cx. quinquefasciatus (Allgood and Yee 2014, Daniels et al. 2016) . Culex quinquefasciatus is also invasive but a long time resident that co-occurs with Ae. albopictus in artificial habitats in the southern United States and is also now found co-occurring with Ae. albopictus in Los Angeles, CA (S. Kluh, personal communication). Although Cx. quinquefasciatus seems unlikely to have major impacts on Ae. albopictus populations and spread, Ae. albopictus' adult female size was affected by competition with Cx. quinquefasciatus, which could have effects on virus transmission and should be investigated further (Allgood and Yee 2014, Daniels et al. 2016 ).
Predation and Parasitism
The importance of predation relative to competition in aquatic communities is generally thought to increase with habitat size and permanence (Welborn et al. 1996 , Juliano 2009 ). Larger predators such as fish depend on more predictable water sources for their longer life histories, while larger habitats in theory receive greater external resource inputs and suffer less from resource limitation (Welborn et al. 1996) . Thus, predation may be expected to be less of a factor for interspecific interactions of Ae. albopictus in small, ephemeral container systems. There are, however, a few dipteran predators in the United States that readily colonize container habitats and potentially have important consequences for the invasion success of Ae. albopictus and other interspecific interactions such as competition.
Toxorhynchites rutilus (Coquillett) is the most common native predatory mosquito in the southeastern United States and a frequent occupant of treehole and artificial communities (Fig. 2) . Corethrella appendiculata Grabham (Fig. 3) is a midge predator common in treehole communities of the United States where it preys on early instars of Ae. albopictus and Ae. triseriatus (Kesavaraju et al. 2008 ). Both species have been shown to have strong, top-down effects on communities of competing Ae. triseriatus and Ae. albopictus. In particular, Ae. triseriatus is more likely than Ae. albopictus to engage in low-risk behaviors in the presence of predation cues from both predators, and consequently is less vulnerable to capture by either predator Juliano 2004, Kesavaraju et al. 2007 ). In field surveys, Ae. triseriatus and Ae. albopictus populations were found to coexist at similar densities in treehole communities where predators were more abundant, whereas Ae. triseriatus and C. appendiculata were rare or absent from artificial communities dominated by Ae. albopictus (Kesavaraju et al. 2008 ). These observations suggest that predation by Tx. rutilus and C. appendiculata stabilizes the asymmetric competition between Ae. albopictus and Ae. triseriatus and acts as a barrier to complete invasion by Ae. albopictus in the eastern United States.
This hypothesis has also been suggested as a possible mechanism explaining persistence of Ae. j. japonicus in the presence of Ae. albopictus despite competitive asymmetry. However, Freed and Leisnham (2014) found Ae. j. japonicus' performance was worse than Ae. albopictus' in microcosms containing Ae. albopictus and predatory Tx. rutilus. In field surveys in metropolitan Washington, DC they found Ae. j. japonicus to be distributed independently of Ae. albopictus and not strongly associated with Tx. rutilus, suggesting a possible escape from interspecific competition via spatial partitioning and aggregation instead of keystone predation (Freed and Leisnham 2014) .
Other predatory interactions such as intraguild predation and parasitism are also widespread in container communities and have been explored as potential mechanisms influencing the distribution of Ae. albopictus. Edgerly et al. (1999) exposed first-instar larvae of Ae. albopictus, Ae. triseriatus, and Ae. aegypti individually to fourth-instar larvae of each species separately for nine total combinations. Aedes albopictus was the most vulnerable species across predators and Ae. triseriatus was the most effective predator of first-instar larvae. Although Ae. albopictus' higher vulnerability to upper trophic level predators Tx. rutilis and C. appendiculata is likely a stronger mechanism in counteracting asymmetrical resource competition, intraguild predation may also have a stabilizing effect and partially explain Ae. triseriatus' persistence in the face of Ae. albopictus invasion. Conversely, although Ae. albopictus and Ae. aeygpti were both capable of intraguild predation, these interactions were symmetrical and were not expected to have important consequences for outcomes of competition between these species. The occurrence of intraguild predation between Ae. albopictus and other container species such as Ae. sierrensis and Ae. j. japonicus is not well understood and a potentially important area for future research.
Container mosquitoes are also susceptible to a number of internal parasites in nature (Blackmore et al. 1995 , Reyes-Villanueva et al. 2003 , and asymmetrical vulnerabilities to these could alter outcomes of interspecific interactions. This hypothesis has received some attention as a potential mechanism of displacement of Ae. aegypti by Ae. albopictus via shared parasitism by intestinal, protozoan parasites in the genus Ascogregarina (Blackmore et al. 1995 , Juliano 1998 . The naturally occurring parasite species for each mosquito species are thought to be benign, although some evidence suggests that cross-infection could cause asymmetrical mortality effects (Blackmore et al. 1995 , Reyes-Villanueva et al. 2003 . There is also some evidence that Ae. aegypti is more highly parasitized in nature (Blackmore et al. 1995 , Reyes-Villanueva et al. 2003 , and these effects could explain Ae. aegypti exclusion via apparent competition (Holt and Lawton 1994) instead of asymmetrical resource competition. Juliano (1998) , however, demonstrated very low occurrences of Ascogregarina in Ae. aegypti exposed to competition with Ae. albopictus (only 1/117 dissected larvae), despite highly negative effects of Ae. albopictus competition on Ae. aegypti. Because Ae. albopictus is competitively dominant regardless of parasite load, there seems to be no evidence that parasitism is a more important driver of Ae. aegypti exclusion than asymmetric resource competition (Juliano 1998) .
Ascogregarina parasites may have a slightly more important effect on Ae. albopictus competition with Ae. triseriatus. Aliabadi and Juliano (2002) showed that uninfected Ae. albopictus had a greater negative competitive effect on Ae. triseriatus larvae than infected larvae. Thus, if Ae. albopictus is able to escape its parasite temporarily as it colonizes new areas, it may have an increased advantage and a higher initial impact on resident species. As mentioned, Ae. triseriatus does not seem to be declining in response to Ae. albopictus presence in its native treehole communities and thus Ae. albopictus parasitism is likely not an important driver of community dynamics in this system (Aliabadi and Juliano 2002, Kesavaraju et al. 2008) . It is unknown however whether parasitism escape could exacerbate negative impacts on native species in new areas of Ae. albopictus range expansion such as California.
Mating Interference
One final interspecific interaction that has recently received attention is mating interference, or satyrization, of Ae. aegypti by Ae. albopictus. Both species have similar mating behaviors in their home ranges, swarming and mating near hosts during high activity morning and afternoon periods (Hartberg 1971, Gubler and Bhattacharya 1972) . It is well known that heterospecific matings in both directions are possible in areas of sympatry, with some evidence that Ae. aegypti females may suffer greater costs from crossinsemination with Ae. albopictus than Ae. albopictus females with Ae. aegypti males (Nasci et al. 1989 , Tripet et al. 2011 . For example, Ae. aegypti females are more likely to be cross-inseminated than Ae. albopictus females in laboratory conditions (Bargielowski and Lounibos 2014) . Furthermore, accessory gland proteins from Ae. albopictus males cause Ae. aegypti females to be refractory to further mating and thereby induce oviposition of sterile eggs, whereas Ae. albopictus females do not seem affected and are capable of repeated matings after cross-insemination (Leahy and Craig 1965, Tripet et al. 2011) . Clearly such an asymmetric interaction could have fitness consequences for Ae. aegypti populations, but until recently the rate and importance of these behaviors in nature were not understood.
Recent laboratory and field work by Bargielowski, Lounibos, and others has been clarifying the prevalence and outcomes of satyrization between these species. Over two studies this group found cross-inseminated Ae. aegypti females at five out of six sites of sympatry surveyed, including two in the United States, and cross-mated Ae. albopictus females at four of these sites (Tripet et al. 2011 , Bargielowski et al. 2015b ). Rates of crossinsemination within sites were relatively low, ranging from 1.45 to 3.73% for Ae. aegypti, but modeling work has suggested that displacement can occur even at low levels (Ribeiro and Spielman 1986) . The higher prevalence of cross-mating of Ae. aeypti females than Ae. albopictus females is also consistent with laboratory studies (Bargielowski et al. 2013 ) and the pattern of Ae. aegypti exclusion in the United States, although this is not conclusive from these studies (Bargielowski and Lounibos 2016) .
The above results suggest that satyrization by Ae. albopictus may have strong, negative impacts on Ae. aegypti and could play a significant role in Ae. aegypti's decline throughout the southeastern United States (Tripet et al. 2011 , Bargielowski et al. 2015b ). However, recent evidence suggests that Ae. aegypti may be rapidly evolving stabilizing mechanisms that counteract satyrization. Bargielowski et al. (2013) showed higher rates of interspecific insemination in Ae. aegypti females from populations allopatric with Ae. albopictus. In a follow-up, multigenerational selection experiment, Bargielowski and Lounibos (2014) mated Ae. albopictus males with Ae. aegypti females from three source populations that have no known history of overlap with Ae. albopictus. They found that the initial rates of interspecific mating of 35-50% in first generations dropped to around 10% for all three lines after only six generations. Interestingly, males also seemed to experience character displacement in response to heterospecific mating opportunities. Conspecific mating success was higher for Ae. aegypti males that were sympatric with Ae. albopictus than males that are from allopatric populations, suggesting that some form of improved mate recognition system may have evolved (Bargielowski et al. 2015a) . Conversely, it appears that Ae. aegypti females become less likely to mate with conspecific males after exposure to satyrization, perhaps from evolution of overly selective mating preferences (Bargielowski and Lounibos 2014) .
Context Dependence and Coexistence
The biotic interactions discussed previously are all context dependent, with the ultimate outcomes depending on ecological conditions. This is highlighted by the fact that Ae. albopictus is overwhelmingly a superior resource competitor to nearly all native and resident container mosquitoes in the United States, as discussed above. Competition theory predicts that strong, asymmetrical interspecific competition should lead to exclusion of the inferior competitor (Chesson 2000) , yet in the 30 years since its establishment, not a single competitor species has been eliminated from every area of sympatry with Ae. albopictus. Trade-offs in species' interactions with one another and the physical environment can stabilize coexistence in communities by inhibiting or delaying outright exclusion (Chesson 2000) . In particular, mechanisms that increase the strength of intraspecific relative to interspecific competition are stabilizing and stable coexistence is possible if intraspecific competition is overall stronger than interspecific competition (Chesson 2000) .
Predation has already been discussed as a potential keystone effect facilitating coexistence between Ae. albopictus and Ae. triseriatus. This is a well-known trade-off in which active foragers are often more susceptible to predation, further compounded in this system by the native Ae. triseriatus altering its feeding behavior to reduce risk of detection in response to its native predators, while the exotic Ae. albopictus does not (Kesavaraju et al. 2007) . Therefore, in treeholes where the predators Tx. rutilus and C. appendiculata are abundant, interspecific competition is reduced sufficiently that Ae. albopictus does not competitively exclude Ae. triseriatus, whereas Ae. albopictus remains dominant in artificial containers that are colonized less frequently by predators and competitors (Kesavaraju et al. 2007 (Kesavaraju et al. , 2008 Juliano et al. 2010) .
Other mechanisms must explain persistence of inferior competitors in predator-rare habitats. Several abiotic factors are known to affect outcomes in such systems and could be an important determinant of interactions between Ae. albopictus and Ae. aegypti in the southeast, although similar studies with other resident species are relatively lacking. Juliano et al. (2002) found that Ae. albopictus eggs suffered significantly higher mortality than Ae. aegypti eggs in response to high temperature and low humidity in a laboratory study. They also showed in the field that Ae. albopictus occurrence was significantly lower at cemeteries in south Florida at the beginning of the wet season (after a dry period) whereas Ae. aegypti occurrence did not seem affected over the wet season. Costanzo et al. (2005b) tested this hypothesis by allowing Ae. aegypti and Ae. albopictus to compete over multiple generations in a laboratory setting while manipulating the drying regime. Interspecific competition had a strong negative effect on Ae. aegypti in experimental cages in which egg containers remained wet the entire time, while the outcome was reversed, with Ae. albopictus suffering the most from interspecific competition, when containers were allowed to dry completely for a period of two weeks.
Another interesting hypothesis for the patterns of coexistence and exclusion of Ae. aegypti is variation in competitive ability of geographically distinct populations. Leisnham and Juliano (2010) tested the performance of eight different Ae. aegypti populations in response to competition with Ae. albopictus. Half of the populations were from populations sympatric with Ae. albopictus while half were allopatric, and the allopatric populations were shown to have a stronger average effect on Ae. albopictus, particularly in Miami, FL, where Ae. albopictus has failed to invade. In a complementary study, Leisnham et al. (2008) found variation in competitive ability of Ae. albopictus in response to Ae. aegypti across nine different North American populations, although variation was not associated with exclusion or persistence of Ae. aegypti. Although patterns in variation do not seem to be the sole drivers of coexistence or exclusion of Ae. aegypti, interpopulation differences in competitive abilities of both species are clearly present and may interact with other interactions such as mating interference. Future research should clarify how this ultimately affects biotic resistance to invasion and outcomes of competition.
The effect of differing resource types on competition is also a leading hypothesis explaining the persistence of Ae. aegypti in the presence of Ae. albopictus. It is now well known that higher quality resources such as rapidly decaying plant species or animal detritus have the potential to reverse or equalize competitive outcomes between these species, whereas slow-decaying plant detritus tends to result in a competitive advantage for Ae. albopictus (Daugherty et al. 2000 , Juliano 2009 ). This leads to the prediction that sites of Ae. aegypti persistence should have greater quantities of "high-quality" resources. Murrell et al. (2011) investigated whether the spatial distributions of detritus types, nutrients, and larval abundances were consistent with this hypothesis across 24 Florida cemeteries with differing abundances of Ae. aegypti and Ae. albopictus. Although they did not detect clear relationships between species abundance and specific detritus types, detritus was a significant predictor of nutrients in containers, and nutrients in turn were significant predictors of Ae. aegypti relative abundance, as well as larval performance in a separate laboratory assay. O'Neal and Juliano (2013) conducted a field competition experiment that investigated the relative importance of egg mortality from desiccation compared to inputs of resources in stabilizing competition between Ae. albopictus and Ae. aegypti. Contrary to previous studies , they found no difference in egg mortality in response to desiccation treatments over wet and dry seasons. They did find that resource inputs into containers were over three times greater in the dry winter season than the wet summer, and that competition was reduced significantly as a result. In a different system, Freed and Leisnham (2014) found Ae. j. japonicus to be more strongly associated with detritus than Ae. albopictus. Together these results suggest a role of resource quality or quantity in stabilizing competitive outcomes between Ae. albopictus and its competitors. Future studies should attempt to elucidate the differences in resources between sites with varying competitor abundances and coexistence outcomes and explore interactions with additional competitor species.
An extension of the differential resource hypothesis suggests that adult female mosquitoes may preferentially oviposit in containers with high quality resources. Controlled laboratory experiments, often with highly amplified quantities of attractants, suggest that females are highly responsive to cues indicating container quality for their developing larvae, such as volatile cues indicating larval density or the quality or quantity of resources in a container (Sucharit et al. 1980 , Trexler et al. 2003 , Sharma et al. 2008 . These studies as well as a select few field studies (e.g. Trexler et al. 1998 ) have been largely motivated by the goal of developing attractants or repellents for mosquito control and monitoring, important goals given the human health importance of these species. However, relatively little is known about the importance of such chemical cues in the presence of natural variability and how they influence ecological interactions among larvae. More recent research has addressed these questions under field and semifield conditions. For example, using ecologically realistic detritus concentrations and an outdoor, screened building for oviposition trials, Reiskind et al. (2009) showed that Ae. albopictus females laid more eggs in containers with decaying oak leaves compared to grape leaves or plain water. Aedes triseriatus females similarly avoided grape leaf infusions although no difference was observed between eggs laid in oak leaf treatments versus plain water. In a complementary resource experiment, oak leaves were shown to result in significantly higher intraspecific larval performance of both Ae. albopictus and Ae. triseriatus than grape leaves. Obenauer et al. (2010) similarly found Ae. albopictus laid more eggs in containers with oak leaf infusions compared to plain water in outdoor cages. Rey and O'Connell (2014) found differences in microhabitat selections by Ae. albopictus and Ae. aegypti females when released together in outdoor cages, but not when species occurred alone. This suggests potential interference competition among adults that could lead to spatial segregation at the patch level. Finally, Fader and Juliano (2014) tested oviposition preferences of wild Ae. albopictus and Ae. aegypti to larval densities and resources in Florida cemeteries. Aedes albopictus preferred high-resource containers and rapidly decaying detritus, whereas Ae. aegypti's response was suggestive of a detritus effect but was ultimately inconclusive.
Container mosquitoes develop and compete in patchy habitats. If species are aggregated or clumped among patches such that there is incomplete overlap between species across patches, interspecific competition may be reduced relative to intraspecific competition facilitating regional species coexistence (Shorrocks et al. 1979 ). The aggregation model of coexistence formalizes this hypothesis predicting that if clumping or aggregation within species is greater than between, coexistence is possible between asymmetric competitors (Ives 1991, Hartley and Shorrocks 2002) . Species-specific responses to environmental cues, either at the landscape level (e.g., forest vs. urban), or container level as discussed above (Rey and O'Connell 2014) , could lead to such nonrandom and nonoverlapping distributions. Several recent studies have shown aggregated distributions of mosquito larvae in nature. For example, Fader and Juliano (2013) found Ae. albopictus to be sufficiently aggregated to permit persistence of Ae. aegypti in cemeteries in southern Florida. Similarly, Freed and Leisnham (2014) found Ae. j. japonicus to be aggregated independently of Ae. albopictus and only slightly associated with Tx. rutilus in treeholes and tires in Washington, DC, suggesting that reduced overlap from both its primary competitor and predator may facilitate persistence of this invader in the United States.
Finally, overlap can be reduced in time as well as space. Again looking at persistence of Ae. j. japonicus, although this time in relation to Ae. triseriatus and Ae. albopictus in the midwestern United States, Murrell et al. (2015) found Ae. j. japonicus occurred significantly earlier in the season than either of its competitors. Though moderate spatial segregation was also observed, the authors concluded that temporal segregation was more likely to significantly reduce interspecific competition sufficiently to permit coexistence.
Conclusions and Future Directions
This has not been an exhaustive assessment of interspecific interactions or context dependence of Ae. albopictus. Rather, I have covered some of the more well-known and actively researched interactions to try and draw some general conclusions about outcomes of interspecific interactions between Ae. albopictus and resident mosquitoes in the United States. The most obvious generality is that Ae. albopictus is a formidable resource competitor and outcompetes all co-occuring species under simplified, resource-limited conditions. The fact that all of these species still persist in parts of their original range, despite dramatic declines for some species in certain areas, suggests that contextdependent factors are altering the outcomes.
One clear limiting factor for Ae. albopictus is its vulnerability to native predators. Thus, in treehole and artificial communities that are readily colonized by Tx. rutilus or C. appendiculata, top-down predator effects may stabilize any asymmetric competitive interactions among resident mosquitoes. In smaller artificial containers or areas outside the range of these predators, other stabilizing mechanisms must be present to facilitate coexistence with inferior competitors (Juliano 2009 ). Some of the leading current hypotheses for such mechanisms include asymmetrical effects of temperature and humidity on egg or larval performance, equalizing effects of high quality or abundant resources, and spatial and temporal partitioning by inferior competitors to reduce overlap with Ae. albopictus. These questions are not well studied for Ae. albopictus interactions with species other than Ae. aegypti however, and are deserving of further study in these systems.
Mating interference of Ae. aegypti females by Ae. albopictus males is also increasingly understood as an important mechanism driving declines of Ae. aegypti in the southeastern United States. Although interspecific matings are rare in nature, modeling suggests observed rates are strong enough for exclusion of Ae. aegypti, and may be even more important for observed declines than resource competition (Bargielowski and Lounibos 2016) . Rapid evolution of resistance by Ae. aegypti, and potential implications for coexistence make this an even more interesting hypothesis and an exciting area of new research.
Important future questions will be to further elucidate the interplay between context dependent larval interactions and adult mating interference between Ae. albopictus and Ae. aegypti. It seems clear that both factors influence patterns of Ae. aegypti exclusion and coexistence with Ae. albopictus in the United States to some degree, but a robust model for explaining and predicting Ae. aegypti persistence in the presence of Ae. albopictus is still lacking. Improving knowledge of variation in resource quality and quantity across both time and space seems particularly worthwhile given recent evidence of resources stabilizing competition between these species in nature (Murrell et al. 2011, O'Neal and . Recently observed aggregated larval distributions and oviposition responses to container resource environments also argue for further study of female oviposition behaviors and consequences for distributions across landscapes and habitat patches. A better understanding of the oviposition behavior of Ae. aegypti females in the field is particularly warranted. As the inferior competitor, Ae. aegypti's distribution across patches is most important in facilitating coexistence with Ae. albopictus via aggregation (Hartley and Shorrocks 2002) . This species is well known to have selective oviposition responses in laboratory settings (Sucharit et al. 1980 ) but thus far, Ae. albopictus has been more effectively studied under field conditions in the United States (Reiskind et al. 2009 , Obenauer et al. 2010 , Fader and Juliano 2014 , but see (Rey and O'Connell 2014) .
Drivers of Ae. albopictus' continued spread into new regions and its consequences are also important areas for further study. Models of projected climate change suggest continued expansion throughout the Pacific coastal areas of the United States and into the northern United States and southern Canada (Ogden et al. 2014 ). Understanding population responses in these novel ecosystems and impacts on resident species is a crucial goal, especially given Ae. albopictus' vector competence for multiple important and emerging human pathogens (Lounibos 2002 , Chouin-Carneiro et al. 2016 . Despite 30 years in the United States the invasion of Ae. albopictus is still very much an active and dynamic process. Many questions remain unanswered about Ae. albopictus' basic invasion ecology and effects on native species, and future research should be directed toward a better understanding and increased predictive power of these interactions in the United States.
